A streptomycin-resistant strain of S. mutans was introduced into the mouth as adherent growth on an artificial fissure (AF). A second AF, which was initially sterile, was placed in a crown on the opposite side of the dentition. The labeled strain was not found in 8 initially-sterile AFs which were left in vivo for 2 to 6 days and were not examined with a dental explorer. The labeled strain was detected in 7 of 9 initially-sterile AFs which were probed with the dental explorer.
In vitro-grown strains of Streptococcus mu tans which carry a streptomycin-resistant marker are difficult to establish in the oral cavity of adult volunteers.1 ,2 ,3 Edman et al. 4 successfully implanted streptomycinlabeled S. mutans in 2 volunteers by means of dental floss. Svanberg and Loesche3'5 used an artificial fissure6'7 containing adherent growth of S. mutans to reliably establish S. mutans in the mouths of 3 volunteers. In the floss and artificial fissure studies, the implanted strains remained localized to the side of implantation, as they could not be detected on tooth surfaces on the opposite side of the mouth. This suggested that, under normal circumstances and over a period of several weeks, the probability of S. mutans spreading to the opposite side of the dentition via saliva was remote.5 Previously, it was found that a sterile dental explorer, after examining a single toothg removed approximately 3 to 7 x 10 cultivable bacteria.8 At that time, the suggestion was made that the dental explorer could serve to inoculate other teeth in the same mouth with S. mutans during a routine dental diagnostic exam. The possibility was investigated in this study by placing two artificial fissures (AFs) in the same mouth and examining one fissure and then the other with the same explorer.
Materials and methods.
Subject. - Clinical protocol. -The intraoral spread of S. mutans was studied in the following way. A sterile AF was secured in tooth 3, and, in tooth 13, an AF containing adherent growth of a streptomycin-resistant strain of S. mutans was placed. The initially sterile AF in tooth 3 was removed after various lengths of time, and after using different clinical protocols. On all occasions, the AF inserted with adherent growth of streptomycin-resistant S. mutans remained in situ until the initially sterile AF was removed. Three different protocols were used to study the intraoral spread of the labeled S. mutans: 1) No dental explorer examination. A sterile AF was secured in tooth 3. On eight occasions, this initially-sterile AF was removed after 2 to 6 days in vivo without having been examined with a dental explorer. On four of 1765 these occasions, the sterile AF was inserted just before the insertion in tooth 13 of the AF with adherent growth. On three occasions, the AF with adherent growth of the streptomycin-resistant strain had been carried for 2 to 22 days before the insertion of the sterile AF. On one occasion, the AF with adherent growth was inserted two days after the insertion of the sterile AF.
2) Dental explorer examination immediately after insertion of the sterile AF. This protocol was performed on four occasions. Two to 6 days after insertion of the AF with adherent growth in tooth 13, a sterile AF was inserted in tooth 3. The orifice of the AF with the adherent growth was scratched with a sterile dental explorer, and immediately thereafter, the explorer was used to examine the orifice of the initially-sterile AF in tooth 3.
3) Delayed dental explorer examination. On four occasions, the originally sterile AF in tooth 3 was kept in situ for 2 to 22 days before the dental explorer examination. In this manner, the AF would be filled with unlabeled, indigenous organisms at the time of the explorer examination.9 Two to 9 days after this procedure, the initially sterile AF was removed. The AF containing adherent growth of streptomycinresistant S. mutans had been carried in tooth 13 for 2 to 26 days at the time of the dental explorer examination.
The AF with adherent growth of streptomycin-resistant S. mutans was inserted in tooth 13 six times during the entire experimental period.
Bacteriological Procedures. -A streptomycin-resistant strain of S. mutans, strain S, which had been shown to reliably establish in the mouth employing the AF model,5 was used in these studies. An AF was cultured overnight with strain S in 10 ml ot trypticase soy broth (TSB) containing 0.1% sucrose, and was then serially transferred in new TSB for three consecutive days. This AF contained approximately 107 CFUs of the resistant S. mutans strain and will be referred to as the AF with adherent growth.
Unstimulated saliva was collected immediately after the insertion of the AF with adherent growth and, thereafter, once daily in the moming while these AFs were in vivo. One ml of saliva was dispersed by 5 seconds of sonification (Branson Model W1851D), serially diluted in reduced transport fluid (RTF),10 and 0.05 ml aliquots from appropriate dilutions were plated in duplicate on Mitis salivarius bacitracin agar (MSB),l 1 and on MM10 sucrose agar12 with and without 0.2 mg/ml of streptomycin. The contents of the mylar fissures were placed in 10 ml of RTF and processed in a similar manner. All inoculated agar plates were placed in the anaerobic chamber within 30 minutes after collection, and were incubated at 370C for 48 hours in an atmosphere of 85% N2, 10% H2 and 5% CO2. S. mutans was identified by its characteristic colonial morphology on the described media, and by biochemical tests when colonial identification was questionable.13 Total CFU counts were obtained from the MM 10 sucrose plates, total S. mutans counts from the MSB and MMIO sucrose plates, and counts of strain S from the MM 10 sucrose-streptomycin plates.
Results.
No Dental Explorer Examination. -Sterile AFs were inserted 8 times without being probed by a dental explorer. At their removal, after 2 to 6 days in vivo, approximately 1 X 107 CFU of streptomycinsensitive bacteria could be recovered. No strain S isolates were detectable, i.e. < 100 CFU, although, on all occasions, streptomycin-sensitive isolates of S. mutans were present and accounted for 0.1 to 0.4% of the total AF flora. Strain S was detected in 10 salivary samples collected during these experimental periods.
Dental Explorer Examinations. -Streptomycin-resistant isolates of S. mutans were found on 3 of 4 occasions in the AF, when a sterile AF had been inserted in tooth 3 and then immediately probed with a dental explorer which had just examined tooth 13 ( Fig. 1) . In the only instance where strain S could not be detected in the probed AF, (Fig. la) , the AF with adherent growth had a low level of strain S, i.e., 0.27% of the CFU count, at its removal at day 9. In the sequence shown in Fig. I b, aNumerator is number of times strain S was found in AF; denominator is number of trials.
Delayed Dental Explorer Examination.-Sterile AFs placed in tooth 3 remained in vivo 2 to 3 days before they were examined with a dental explorer which had just examined the AF in tooth 13. In the sequence shown in Fig. 2a, 3 of 4 probed AFs contained low levels of strain S, i.e., 0.001 to 0.006% of the total CFU count. Only the sterile AF inserted at day 26 and probed at day 28 failed to yield detectable levels of strain S. The AF with adherent growth had strain S accounting for 14.3% of its CFU at the time of its removal from the mouth, suggesting that an adequate inoculum of strain S was available for explorer transfer. However, the possibility existed that, with passage of time in vivo, strain S became confined to the lower parts of the AF which were inaccessible to the explorer examination. In a second experiment, a sterile AF was inserted in tooth 3 and left in situ for 28 days prior to the insertion of an AF with adherent growth in tooth 13 (Fig. 2b) . At day 30, tooth 13 was examined with an explorer and then tooth 3 was examined. At day 35, both AFs were removed and, in the probed AF, strain S accounted for 0.002% of the CFU. Strain S was undetectable in 5 salivary samples collected during the initial 28 days, but was present in all saliva samples collected while the AF with adherent growth was in situ.
The labeled strain S was not found in 8 initially-sterile AFs which were left in vivo for 2 to 6 days and which were not examined with a dental explorer (Table 1) . However, the labeled strain was detected in 7 of 9 initially-sterile AFs which were probed with the dental explorer ( Table 1) . If the AFs were sterile at the time of explorer examination, strain S accounted for about 16% of the cultivable isolates; if the AFs had been in vivo for 2 or more days, strain S accounted for only 0.006% of the isolates (Table 1) .
At the time of their removal from the mouth, the initially-sterile AFs were colonized by streptomycin-sensitive strains of S. mutans, presumably of indigenous origin, in numbers representing 0.01 to 0.8% of the total CFU. The salivary levels of these indigenous S. mutans strains averaged 50,000/ml, and their range was 6,300 to 500,000/ml in the 75 salivary samples collected during the entire experimental period. The salivary levels of strain S were high immediately after the insertion of the AF with adherent growth of strain S, i.e., 2 to 8 x 106 CFU/ml, but dropped to below 104 CFU/ml in the following days.
Discussion.
The results summarized in Table 1 demonstrate that, in this individual, the labeled strain did not traverse from tooth 13 on the left side to tooth 3 on the right side in the absence of an explorer examination. This is in agreement with previous reports4'5 which noted the unilateral spread of labeled S. mutans strains, and can be partially explained by the dilution in saliva of the labeled organisms to numbers which were below the colonization threshold for a tooth surface.5 These numbers are in the vicinity of 1,000 CFU/ml of sonified saliva for fissure surfaces9'14 and 10,000 CFU/ml for smooth surfaces.1 5 Salivary levels of strain S were above these colonization thresholds only in the hours following insertion of the AF with adherent growth. However, these salivary levels were derived from dispersed, whole saliva which would contain contributions from the left side salivary flow which would be enriched for the labeled strain S, and from the right side flow which would be low or absent in strain S. Thus, the actual levels of strain S in the local saliva flowing over the AF in tooth 3 could be considerably lower than the average values reported above.
This one-sided localization of S. mutans suggests that the initial S. mutans colonization of human teeth may be unilateral and that the bi-lateral presence of S. mutans in a given dentition may reflect: 1) two or more independent colonization events; 2) the passage of enough time to raise the probability of S. mutans colonization from the saliva; or 3) the intervention of an external event(s) in the microecology of the mouth. An examination with a dental explorer could serve as such an external event. The explorer, after examining a single carious tooth, is contaminated with about 500,000 CFU of S. mutans.8 Some of these CFUs could be deposited on any tooth subsequently examined. In this investigation, the explorer served as a means for transferring strain S from tooth 13 to tooth 3 in 7 of 9 trials (Table 1) . In 3 instances, the transfer occurred to an empty AF which had space to accommodate more than 10,000,000 CFU of bacteria. In these cases, strain S accounted for about 16 percent of the CFU recovered from the AF. While these experiments served to show that an explorer examination could spread strain S between the examined teeth, the situation of having an empty AF available for colonization is unrealistic in vivo. Therefore, the experimental design was changed, in that sterile AFs were placed in vivo 2 to 3 days prior to the explorer examination. In this situation, the available space in the AF would be filled with unlabeled, indigenous organisms. When these AFs were subsequently examined by the explorer, only their orifices would be exposed to any bacteria present on the explorer. In this design, strain S colonized the AF in 4 of 5 trials, but its proportions were quite low (Table 1) . Whether this small influx of exogenous bacteria could persist and become dominant in the AF flora cannot be ascertained from this experiment. Other investigations indicate that S. mutans appears to be selected for the succession which occurs in the AF. 9, 16 These data support the conjecture that the dental explorer could serve as a means for the intraoral transmission of bacteria, in this case S. mutans, from tooth to tooth within a given mouth. A similar conclusion was reached by Bielak,17 who found a significant increase in the number of tooth sites positive for S. mutans following a dental examination. Bergman and Linden18 postulated from in vitro data that an explorer examination could be caries-provoking, at least on interproximal surfaces, because it might break through the mineralized surface layer and reach the decalcified subsurface enamel. Our studies suggest that, in addition, the explorer could inoculate caries-prone surfaces with an organism which is an overt dental pathogen in animal models1 9 and is significantly associated with human caries .20 Conclusion.
In the single individual studied, the labeled strain did not traverse from tooth 13 on the left side to tooth 3 on the right side in the absence of a dental explorer examination. The labeled strain was detected in 7 of 9 initially sterile AFs which were probed with the dental explorer. The data support the conjecture that the dental explorer could serve as a means for the intraoral transmission of bacteria, in this case S. mutans, from tooth to tooth within a given mouth. 
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